Although rare, both central nervous system and pericardial involvement of myeloma have been well described in the literature. Their simultaneous occurrence in relapsed disease, however, has not been previously reported. This case describes a 54-year-old female who was treated for high-risk multiple myeloma with multiregimen chemotherapy and allogeneic hematopoietic stem cell transplantation. Four months after transplant, she was found to have relapsed disease manifesting as an extraosseous, intracranial plasmacytoma and simultaneous malignant pericardial effusion. Her disease characteristics, treatment course, radiologic and pathologic findings are described in detail, and we review the previous literature to determine the various aspects of her disease that may have contributed to her aggressive clinical course.
Introduction
Central nervous system (CNS) involvement of multiple myeloma is rare, with an incidence rate reported around 1% [1, 2] . Most of these cases involve lepto-meningeal disease, with intracranial plasmacytoma being less frequent, especially following treatment of myeloma [3] . Similarly, malignant pericardial effusion from extramedullary multiple myeloma is uncommon, especially following hematopoietic stem cell transplantation (HSCT) [4] . We present a unique case of relapsed multiple myeloma manifesting as an extraosseous, solitary intracranial plasmacytoma and simultaneous malignant pericardial effusion within 4 months of allogeneic HSCT.
Case Presentation
Our patient is a 54-year-old female with a past medical history of IgG kappa multiple myeloma diagnosed after workup of bone pain affecting her shoulders and ribs. At the time of diagnosis, her serum protein electrophoresis (SPEP) showed an M-spike with monoclonal IgG kappa concentration of 3.5 gm/dL. Total serum IgG was elevated at 5,805 mg/dL, β2 microglobulin was 2.3 mg/L, albumin was 3.9 g/dL, and LDH was elevated at 272 IU/L. She was diagnosed with International Staging System stage I disease. Cytogenetic analysis revealed translocation (4;14), trisomy 9, and monosomy 13 with a complex karyotype, suggesting high-risk disease.
She received 1 cycle of lenalidomide and dexamethasone followed by radiation therapy including 30 gray in 10 fractions to the jaw, spine, and right cavernous sinus. She then received 4 cycles of lenalidomide, bortezomib, and dexamethasone but was noted to have increased bone disease in her ribs, femur, and hip, so she received 3 cycles of carfilzomib, lenalidomide. and dexamethasone along with 30 gray in 10 fractions to her femur and ribs, and 16 gray in 4 fractions to both hips. Follow-up κ-and λ-light chain values and IgG level were normal, and SPEP showed a small residual M-spike which was too small to quantify.
Her bone marrow biopsy showed <1% clonal plasma cells. Due to her age and high-risk disease, she was offered a reduced-intensity allogeneic HSCT. She underwent a two-step haplo-identical HSCT approximately 1 year after initial diagnosis, utilizing a fludarabine, busulfan, and cyclophosphamide conditioning regimen. During that admission, she had a non-contrast head CT that did not show any intracranial pathology.
Two months after HSCT, she was found to have plasmacytoma of the thoracic spine and underwent additional radiation therapy with good response. Bone marrow biopsy at that time showed complete donor engraftment and was negative for abnormal cells. Her SPEP showed a low monoclonal IgG kappa level of 0.2 gm/dL. Three months following HSCT, she developed intractable nausea, vomiting, and a thirtypound weight loss. A gastrointestinal work up, including barium swallow study, endoscopy, and colonoscopy, was unremarkable and did not suggest infectious etiology or graft-versushost disease. Due to worsening symptoms, she was readmitted for further evaluation. On admission, she denied any focal neurologic deficits or visual complaints, although she reported thoracic paresthesias. Spinal MRI revealed new thoracic soft tissue lesions, and a brain MRI revealed a new extra-axial right occipital lobe mass extending to the cerebellum (Fig. 1) .
The patient underwent right craniotomy with partial resection of the brain lesion. Grossly, the tumor was extraosseous with a distinct plane in the occipital pole causing dis- During the same admission, she was found to have a large pericardial effusion which was incidentally seen on a CT thorax. She denied cardiac or respiratory complaints and was hemodynamically stable without pulsus paradoxus. The effusion was monitored with serial echocardiograms, eventually enlarging in size and developing tamponade physiology. This led to immediate placement of a pericardial drain, resulting in 1 L of bloody drainage. Fluid analysis revealed CD138-positive plasma cells. Due to the rapid progression of her disease and multi-organ involvement after prior multi-agent chemotherapy and HSCT, the patient and her family decided on hospice care.
Discussion
This case demonstrates a rare presentation of very rapidly relapsing multiple myeloma in the form of extraosseous, solitary plasmacytoma and malignant pericardial effusion, which has not been previously reported in the literature. In a recent retrospective review of 172 CNS myeloma patients by Jurczyszyn et al. [5] , the median time from multiple myeloma diagnosis to CNS involvement was 25 months. Our patient was found to have an intracranial plasmacytoma 4 months after allogeneic HSCT. Though less sensitive than MRI, her head CT at the time of transplant did not detect an intracranial abnormality. Her prior bone marrow biopsy after HSCT was negative for disease, and her most recent SPEP showed a low level of monoclonal protein. Despite the size and location of the lesion, the patient did not present with typical CNS manifestations, such as altered mental status, gait abnormality, vision changes, or focal neurologic deficits. Her only symptomatic manifestations were pain, paresthesias affecting her thoracic region (likely reflecting her spine disease), intractable nausea, and vomiting. These symptoms improved after tumor resection and radiation therapy.
There is limited data on intracranial plasmacytoma in patients following allogeneic HSCT. In patients who have received autologous HSCT, most cases of CNS relapse are leptomeningeal disease [6, 7] . There were no cases of solitary intracranial plasmacytoma in myeloma patients after autologous HSCT. Overall, CNS involvement of multiple myeloma was previously reported in around 1% of all multiple myeloma cases [1] , and it was found to be 0.7% in a recent Mayo Clinic study of 4,060 myeloma patients over 16 years [2] . The majority of CNS cases are found in relapsed disease; however, most of these cases typically present as a leptomeningeal rather than an intraparenchymal process. Several cases of solitary intracranial plasmacytoma have been reported, but these are typically intraosseous tumors [3, [8] [9] [10] . Extraosseous intracranial plasmacytoma is rarely seen with relapsed disease. Our patient's tumor displayed similar MRI findings as reported in other known intraosseous cases, mainly homogenous enhancement with perilesional edema, with features mimicking lymphoma or meningioma [11] .
Prior studies on CNS and extramedullary myeloma have identified alterations of chromosome 13 and 17, and translocation (4;14) as higher risk features [1, 12] . Elevated LDH was also seen more frequently in these patients along with IgA and IgD subtypes of myeloma. Our patient showed similar characteristics of chromosome 13 deletion, translocation (4;14), and an elevated LDH. Her myeloma type, however, was IgG kappa light chain. Her plasmacytoma displayed CD138-positive marker, seen in most CNS myeloma cases, and had a high percentage of Ki-67 positivity which is associated with extraosseous relapse of myeloma [12] .
The prognosis of CNS myeloma is poor, with the average overall survival of 3-6 months [2, 5] . There is no standard of care, although a recent study by Jurcyzszyn et al. [5] concluded that systemic chemotherapy with or without radiation therapy improved survival duration over patients who were treated without systemic chemotherapy.
Malignant pericardial effusion from extramedullary multiple myeloma is a rare finding occurring in <1% of all myeloma cases [4] . There has been a small case series and case reports of myeloma relapse presenting as malignant pericardial effusion [4, 13] ; however, only a single case was after allogeneic HSCT [14] . Malignant effusion from myeloma carries a particularly poor prognosis as the average survival duration was calculated at 13.5 weeks after diagnosis. In this series, treatment with chemotherapy led to a high rate of death from sepsis. Aside from drainage of symptomatic effusions, there is no optimal management guideline.
Due to the rapid progression of disease and both neurologic and cardiac involvement, our patient declined systemic chemotherapy. She received palliative brain and spinal radiation, and ultimately opted to pursue hospice care. She died 1 month later.
Even with the knowledge of her high-risk cytogenetics, this case of myeloma relapse was profoundly rapid and aggressive. Following HSCT, she demonstrated a small disease burden on routine laboratory surveillance. The fact that she relapsed with simultaneous intracranial plasmacytoma and malignant pericardial effusion is unusual, likely reflecting an aggressive myeloma which had already failed treatment with multiple chemotherapy agents. Given the substantial growth in the number of effective treatments available for multiple myeloma, patients failing a larger number of agents may demonstrate more aggressive and unusual patterns of recurrent disease. 
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